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Acocks measured representative sites of good condi-
tion grassland in the 1940’s that were re-sampled
approximately 50 years later in order to compare the
effect of commercial versus communal grazing on com-
positional change. Most of the Mistbelt ‘nGongoni Veld
had been afforested, a third of Highland Sourveld or
Northern Tall Grassveld had been transformed by culti-
vation or afforestation, while most of Southern Tall
Grassveld had remained as grassland. For untrans-
formed sites sampled in 1996, the composition of com-
munally and commercially grazed land differed distinct-
ly, although differences depended on an altitudinal gra-
dient reflecting water availability. Sites under communal
grazing supported a higher proportion of short-lived,
perennial grass species, often of poor grazing value.
From measurement of the extent of compositional
change of each site, commercially grazed sites showed
no consistent pattern of change, and the average extent
of change was small. By contrast, communally grazed
sites had on average changed considerably, although
the direction of change had depended on the physical
environment. Basal cover increased with altitude, with
that of commercial rangeland consistently 5% higher
than that of communal rangeland. Notwithstanding
sampling problems of accurate relocation of his plots
and adequately matching his subjective method of data
collection, Acocks’ data has provided an invaluable
opportunity for examining vegetation change over an
appropriate time scale for vegetation comprised of
perennial plants.
Vegetation communities will inevitably change, but the
development of a predictive understanding of the dynamics
of perennial grasslands has been limited by the paucity of
studies whose duration is commensurate with the time scale
of vegetation change. For the perennial grasslands of South
Africa, decade-long studies are required for gaining a realis-
tic insight into their pattern and controls of compositional
change (O’Connor and Bredenkamp 1997, O’Connor and
Everson 1999). Acocks (1953) classified the veld types of
South Africa over half a century ago based on the sampling
of representative sites considered to be in good condition
and whose location was recorded. He created an opportuni-
ty for determining the extent and direction of vegetation
change induced by certain land uses. At the time he sam-
pled, the grassland biome was the mainstay of the livestock
industry for graziers of both private and communal tenure
systems. The two tenure systems are hereafter referred to,
for convenience, as ‘commercial’ and ‘communal’ grazing,
respectively, because of the former’s link to national market
conditions. The relative impact of these two forms of land
tenure on rangeland condition is contentious (Tapson 1993)
and requires resolution if sound land management policies
are to be developed in South Africa. Acocks’ comprehensive
coverage of the grasslands of KwaZulu-Natal (KZN) allowed
a critical comparison of the effects of both these forms of
land tenure on botanical composition, which forms the pri-
mary focus of this study.
Assessment of the differences between commercial and
communal grazing may be better served by addressing
functional attributes of rangelands rather than their compo-
sition (Abel 1993). A key functional attribute is basal cover
because of its influence on runoff and soil erosion (Snyman
and Opperman 1984, Snyman et al. 1985). There is usually
a decline in basal cover in association with a change in
botanical composition under sustained, heavy grazing that
ultimately results in reduced primary production (O’Connor
et al. 2001). Differences between commercial and commu-
nal tenure in basal cover were therefore evaluated.
The influence of grazing on compositional change is not
independent of the physical environment. Rainfall, soil type,
temperature and radiation are some of the key environmen-
tal factors determining the structure, dynamics and function-
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ing of grasslands (review in O’Connor and Bredenkamp
1997). Their influence is further seen in the response of indi-
vidual grass species to grazing and fire (O’Connor and
Everson 1999). It was therefore expected that the effect of
communal versus commercial grazing would depend on the
physical environment.
Since Acocks’ (1953) study, conducted mainly during the
1940’s, many of the grasslands of KZN have been trans-
formed by afforestation and intensive agriculture, owing to
the high rainfall these grasslands receive by comparison
with the remainder of South Africa. The extent of loss of cer-
tain veld types in KwaZulu-Natal is of conservation concern
(Scott-Shaw et al. 1996). Revisiting Acocks’ (1953) sites
therefore allowed quantification of the extent and pattern of
land transformation. 
The main aim of this study was to determine the extent
and direction of compositional change of KZN’s grasslands
in response to communal versus private tenure, and the
influence of the abiotic environment on such change. To this
end, Acocks’ (1953) sampling locations were revisited
approximately 50 years after he had sampled them, and
botanical composition (and basal cover) was measured in a
manner comparable with the method he used.
Materials and Methods
Study area
The study was conducted in four of Acocks’ (1953) veld
types in KwaZulu-Natal, namely Southern Tall Grassveld,
Northern Tall Grassveld, Highland Sourveld and Natal Mist
Belt ‘nGongoni Veld (hereafter ‘Natal’ deleted). The reader is
referred to Acocks’ map of veld types for their location in
KZN and to King’s (1972) account of the geology, geomor-
phology and topography of this region. The 46 sites covered
a marked environmental range from 670 to 1 130mm mean
annual precipitation (MAP), 650m to 2 090m above sea
level, and from 14.1°C to 19.0°C mean annual temperature
(MAT). Tall Grassveld is the driest, and Mist Belt ‘nGongoni
Veld the wettest, of the four veld types. 
Data collection
Acocks sampled numerous sites over a 15 year period, main-
ly during the 1940’s. In summary (from Acocks 1953), his
method involved selecting a representative area of grassland
in good condition and walking through this for a distance and
time (not less than 20min) that ensured landscape variation
was covered. All species encountered were recorded and the
abundance of each was subjectively estimated on the basis
of interplant distance. Species that were localised in occur-
rence or occupied special habitats were noted as such. Site
location was recorded in terms of distances along roads from
prominent landmarks (usually a post office). 
Resampling of his sites required their accurate relocation
and a method of mensuration compatible with the original.
Eighty three of Acocks’ sites in the four veld types were
located on 1:10 000 ortho-photographs using co-ordinates
derived from his original maps. Co-ordinates were provided
by the Range and Forage Institute, Agricultural Research
Council. The ortho-photographs were taken mostly during
the 1980’s, from which land use of each site was scored as
natural grassland, forest plantation, cultivation or settlement.
Forty six of the 57 sites that were still grassland were acces-
sible to be re-surveyed in 1996, 30 and 16 of which were
commercial and communal tenure, respectively. The number
of sites was not evenly spread amongst the four veld types,
with 20 occurring in Highland Sourveld, 19 in Southern Tall
Grassveld, five in Northern Tall Grassveld and two in
Mistbelt ‘nGongoni Veld.
A preliminary nested quadrat study was conducted in two
homogeneous grasslands (Southern Tall Grassveld,
Highland Sourveld) in good condition. This study revealed
0.5m2 to be an optimum quadrat size for assessing inter-
plant spacing and frequency, requiring 30 quadrats for
recording of 90% of the species. At each site, therefore, 30
quadrats of 0.71m by 0.71m were placed at 10m intervals
along a 300m transect. This transect length and espacement
ensured that landscape variation in vegetation was sampled.
All grass species in a quadrat were recorded. Nomenclature
follows Arnold and De Wet (1993). For each species within
a quadrat, the distance from an individual selected without
bias to its nearest neighbour was recorded, provided the
neighbour was within one metre. 
An index of density was calculated based on interplant
distances and adjusted for frequency. This derived measure
was Abundance = (151-D)(f), where D is the median dis-
tance between plants of the same species and f is the fre-
quency of that species as a proportion. Median distances
were chosen because they reflect more accurately Acocks’
(1953) visual estimation of distance between plants and
because distributions were skewed. For a species with no
neighbour within the quadrat, inter-plant distance was set at
150cm, so that the equation used 151cm in order to ensure
no species had an abundance rating of zero.
The environmental variables recorded for each site were
(i) aspect and slope, obtained from ortho-photographs; (ii)
mean annual temperature (MAT); (iii) mean annual precipi-
tation (MAP); (iv) altitude; (v) land use; and (vi) soil type,
obtained from maps of Cedara Agricultural Development
Institute, Pietermaritzburg. Soils were categorised into three
types according to their moisture-retention status: (1) shal-
low; (2) drainage impediment in the profile (e.g. plinthite); (3)
freely drained with deep infiltration. Variables (ii)–(iv) were
obtained from the Computing Centre for Water Research,
University of Natal, Pietermaritzburg. An indirect measure of
radiation (J m-2 day-1) was derived from aspect and slope
using Schulze (1975). MAP/MAT provided an index of plant
available moisture.
The basal cover of each site was estimated using the
empirical equation derived by Hardy and Tainton (1993) for
these grasslands. The required input data are the distance
from a sample of systematically placed points of a spike to
the nearest grass tuft and the diameter of the tuft. Sample
size was 100. 
Data analysis
The relationship between species composition and environ-
mental variables of the 46 sites sampled in this study was
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examined with Correspondence Analysis (CA) and
Canonical Correspondence Analysis (CCA) using the
CANOCO 4 package (Ter Braak and Smilauer 1998). CA
and CCA were judged to be appropriate ordination tech-
niques on account of the extent of compositional variation.
CA first ordinates the plant data and then passively relates
the environmental data to the plant data. In CCA the ordina-
tion axes are constrained to be a best linear fit to the sup-
plied environmental variables. This provides a direct test of
the effect of environmental factors on compositional varia-
tion, whose significance was tested with a Monte Carlo re-
randomisation test (Ter Braak and Smilauer 1998). 
In order to investigate change in composition, the data of
the current study had to be rendered compatible with the
data collected by Acocks (1953). He had visually estimated
the abundance of each species in terms of its inter-plant
spacing, ascribing each species to an abundance category.
The method is not repeatable in terms of the absolute values
or categories derived, but species were easily ranked using
their abundance category (many tied ranks) that could be
directly compared with a ranking of species derived from the
quantitative estimate of inter-plant spacing made in this
study. The degree of correspondence of the two ranked sets
of data was examined with a gamma rank correlation co-effi-
cient (Siegel and Castellan 1988), which is similar to
Kendall’s tau co-efficient but copes better with ties. A gamma
co-efficient of 1 would indicate the rank order of species had
remained completely unchanged, whereas a value of -1
would indicate complete dissimilarity between the two sam-
ples. The gamma co-efficient thus served as a single meas-
ure of compositional change per site. The difference in the
extent of compositional change between communal and
commercial grazing was examined by a two-tailed t-test of
the gamma co-efficients. The relationship between composi-
tional change (gamma) and environmental variables was
examined using multiple linear regression.
The direction of compositional change was examined
using individual species. Only the five most abundant
species of each of the two surveys were used in order to
reduce variability. These data of species’ rank abundance
were subjected to a partial Correspondence Analysis (partial
CA) using the CANOCO package (Ter Braak and Smilauer
1998). The effects of certain environmental variables were
extracted in order to isolate temporal change. 
In the ordination analyses, communal and commercial
grazing were each represented as a dummy variable, but
commercial grazing as a main variable was deleted owing to
co-linearity with communal grazing. 
The difference between commercial and communal graz-
ing in the relative abundance of the most conspicuous
species was examined separately for the two sampling
occasions. It was assumed that the same form of grazing
tenure prevailed at a site when Acocks sampled as for the
current study. Acocks’ (1953) data could be easily rendered
suitable for quantitative analysis by transforming his 20
abundance classes into a scale (vr = 1, vvab = 20). A unit of
this value is considered to reflect a consistent increase in
abundance on a semi-logarithmic basis. The differences in
1996 were examined using the frequency values, with fre-
quency as the number of quadrats of the total of 30.
Differences for each occasion were examined with a t-test
based on equal or unequal variances, as appropriate.
Results
Change in land use
Only 69% of the sites remained as grassland after approxi-
mately 50 years. Seventeen percent of sites had been trans-
formed to forestry, 12% to cultivation and 2% had been set-
tled. The pattern of transformation was not equivalent
among vegetation types (Table 1). Mistbelt ‘nGongoni Veld
had been almost completely afforested, Highland Sourveld
and Northern Tall Grassveld had lost a conspicuous propor-
tion of land to afforestation and cultivation, whilst Southern
Tall Grassveld had lost the least amount of grassland.
Settlement has been an inconspicuous agent of change in
land use.
Compositional variation
The CA ordination of the data of this study performed satis-
factorily (Table 2a), with the first four axes accounting for
39% of the species’ variance. Only the variation of axes 1
and 2 was significantly accounted for by the included envi-
ronmental variables (Table 3), which together explained a
substantial amount of the variation of 15 more common
species (Table 4). The first axis clearly described a gradient
in composition related to the interaction between type of
grazing tenure and MAP/MAT (Figure 1a). With increasing
MAP/MAT, that is with increasing available water, commer-
cial farming was strongly characterised by long-lived, most-
ly palatable perennial grasses including Diheteropogon
amplectens, Diheteropogon filifolius, Eragrostis curvula,
Heteropogon contortus, Hyparrhenia hirta, Themeda trian-
dra, Tristachya leucothrix and Digitaria tricholaenoides, and
also by long-lived unpalatable or less favoured perennial
grasses including Alloteropsis semialata, Aristida junci-
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Table 1: The percentage of sites supporting specific land uses in the 1980’s that were all grassland in the 1940’s
Vegetation type Land use
Grassland Forestry Cultivation Settlement
Southern Tall Grassveld (n = 36) 86 3 8 3
Northern Tall Grassveld (n = 10) 70 10 20 0
Highland Sourveld (n = 26) 69 12 15 4
Mistbelt ‘nGongoni Veld (n = 11) 9 82 9 0
All types (n = 83) 69 17 12 <1
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formis, Cymbopogon excavatus, Elionurus muticus,
Monocymbium ceresiiforme, Sporobolus africanus and
Trachypogon spicatus. The pattern of variation in relation to
communal grazing is more clearly shown by axis 2 (Table 3),
which distinguishes mainly communal sites with either high
or low MAP. Sites under communal grazing were charac-
terised by short-lived perennial and even some annual
grasses, many of which are poor quality forage species.
These included Tragus berteronianus, Bothriochloa insculp-
ta, Aristida congesta subsp. barbicollis, Aristida congesta
subsp. congesta, Sporobolus stapfianus and Urochloa
mosambicensis on the drier sites. Wetter sites were domi-
nated by mainly non-indigenous, coarse perennials includ-
ing Paspalum urvillei, Paspalum dilatatum, Paspalum nota-
tum, Paspalum scrobiculatum, Sporobolus africanus,
Panicum natalensis, Eragrostis plana and Hyparrhenia
dregeana. Sites under communal grazing were dispersed
more widely in ordination space than sites under commercial
grazing (Figure 1b), indicating that grassland under commu-
nal tenure may tend toward a number of different composi-
tional states, the composition of which depends on environ-
ment. The first four axes of the CCA ordination accounted for
only 14% of the species’ variance, indicating important envi-
ronmental variables had not been included. Results were in
general agreement with the CA, and are not discussed fur-
ther. Nonetheless, the Monte Carlo test revealed that both
the overall ordination and the first ordination axis were sig-
nificant (P < 0.05), indicating the included environmental
variables had a direct influence on compositional variation.
Specifically, communal grazing, and the interaction of com-
munal or commercial grazing with MAP/MAT accounted for
a significant amount of compositional variation.
The marked difference between communal and commer-
cial grazing in 1996 could not be attributed to environmental
differences (Table 5).
Compositional change
The extent of compositional change depended on environ-
ment. It increased linearly with decreasing altitude (Figure 2,
F = 6.87, df = 1.34, P < 0.013), although this relationship
accounted for only 14.7% of the variation. Commercial graz-
ing properties had changed far less than their communal
counterparts (Figure 3) (t = 2.75, df = 17, P < 0.014). No
other individual environmental variables were shown to have
an effect on compositional change. A multiple linear regres-
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Table 2: Summary statistics of (a) the Correspondence Analysis of 46 sites under communal or commercial grazing sampled in 1996, and (b)
the partial ordination of 50 years of change in which environmental variables were held constant
Axis: 1 2 3 4
(a)
Eigenvalue 0.481 0.325 0.26 0.233
Species-environment r 0.58 0.56 0.22 0.41
Cumulative percent variation: species data 14.4 24.2 31.8 38.8
species-environment 34.2 56.2 58.7 66.9
(b)
Eigenvalue 0.393 0.31 0.26 0.23
Species-environment r 0.33 0.23 0.4 0.05
Cumulative percent variation: species data 11 19.7 27 33.4
species-environment 23.8 32.4 0 0
Environmental variable Axis 1 Axis 2 Axis 3 Axis 4
Communal grazing 0.96 3.23 0.23 -1.85
Radiation x MAP/MAT 1.27 0.42 0.86 -0.55
Communal x MAP/MAT -2.50 -3.48 -0.76 1.06
Commercial x MAP/MAT -2.40 -0.73 -0.89 -0.56
Table 3: t-values of the regression coefficients for the environmen-
tal variables entered into the Correspondence Analysis of 46 sites
under either communal or commercial grazing. Significant values (P
< 0.05) indicated in bold
Table 4: Cumulative fraction (%) of each species’ variance account-
ed for by axes 1 and 2 of a Correspondence Analysis of 46 sites
under commercial or communal grazing sampled in 1996. Only
species with greater than 10% of their variance accounted for by
these two axes are shown
Species Axis 1 Axis 2
Sporobolus africanus 50.3 73.0
Bothriochloa insculpta 15.3 62.5
Aristida congesta subsp. barbicollis 22.7 60.1
Eragrostis plana 8.0 56.5
Tristachya leucothrix 49.4 49.6
Hyparrhenia hirta 40.6 43.6
Aristida congesta subsp. congesta 13.9 41.0
Cymbopogon excavatus 34.4 35.0
Themeda triandra 32.0 33.6
Tragus berteronianus 8.3 32.7
Heteropogon contortus 26.1 30.8
Eragrostis curvula 24.8 29.4
Paspalum notatum 6.9 26.7
Alloteropsis semialata 24.6 25.7
Paspalum scrobiculatum 14.0 20.3
Monocymbium ceresiiforme 18.5 19.2
Paspalum dilatatum 15.2 18.7
Andropogon appendiculatus 0.0 18.5
Diheteropogon filifolius 17.6 17.7
Urochloa mosambicensis 4.8 17.5
Cynodon dactylon 12.1 16.9
Eragrostis racemosa 11.3 15.2
Elionurus muticus 12.2 14.2
Eragrostis capensis 8.2 11.2
Paspalum urvilllei 2.8 11.0
South African Journal of Botany 2003, 69: 105–115 109


	

















	


 
 !"#$!"
%!&
#'!&
()
 !"
'!&
#*!&
# !&
+,


()
-+,
+,
Figure 1: Correspondence Analysis of 46 of Acocks’ (1953) sites revisited in 1996, showing (a) species (with cumulative fit >10%) and (b)
sites (B = commercial (), C = communal ()) and environmental variables. Species: Aap = Andropogon appendiculatus, Aba = Aristida con-
gesta subsp. barbicollis, Aco = Aristida congesta subsp. congesta, Ase = Alloteropsis semialata, Bin = Bothriochloa insculpta, Cda = Cynodon
dactylon, Cex = Cymbopogon excavatus, Dfi = Diheteropogon filifolius, Eca = Eragrostis capensis, Ecu = Eragrostis curvula, Emu = Elionurus
muticus, Epl = Eragrostis plana, Era = Eragrostis racemosa, Hco = Heteropogon contortus, Hhi = Hyparrhenia hirta, Mce = Monocymbium
ceresiiforme, Pdi = Paspalum dilatatum, Pno = Paspalum notatum, Psc = Paspalum scrobiculatum, Pur = Paspalum urvilllei, Saf = Sporobolus
africanus, Tbe = Tragus berteronianus, Tle = Tristachya leucothrix, Ttr = Themeda triandra, Umo = Urochloa mosambicensis. Environmental
variables: MAP = mean annual precipitation, MAT = mean annual temperature, RAD = radiation
Table 5: Mean values of environmental variables for commercial and communal rangeland, and the results of t-tests for differences between
means
Variable Commercial Communal t P
Mean Annual Precipitation (MAP) (mm) 852 832 0.6 0.5
Mean Annual Temperature (MAT) (°C) 16.2 16.3 0.3 0.8
MAP/MAT (mm °C-1) 53.1 51.3 0.7 0.5
Altitude (m above sea level) 1 350 1 306 0.6 0.6
Radiation (J m-2 day-1) 29.4 27.8 2.0 0
Slope (°) 10.2 12.9 0.9 0.4
Aspect (rank) 1.97 1.94 0.1 0.9
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sion of compositional change incorporating the terms land
use, altitude, radiation and soil water storage was moder-
ately successful (F = 4.84, df = 4,34, P < 0.004), accounting
for 31% of the variance, with only altitude (P < 0.026) having
a strong influence, land use a weaker influence (P < 0.057),
radiation a marginal influence (P < 0.074), and soil water
storage having no influence (P > 0.3). No interaction terms
were significant. A regression model in which altitude was
replaced by MAP/MAT gave similar results.
The partial CA ordination of compositional change, in
which the effects of environmental variables on composi-
tional change have been accommodated, performed satis-
factorily (Table 2b). The first two axes were considered suf-
ficient for interpreting the pattern of change (Figure 4). A
subset of only 18 species, each of which had at least 10% of
their variance accounted for by the first two axes (Table 6),
is sufficient for interpreting trends. The first axis describes a
gradient from grassland in good condition, dominated by
palatable perennials such as Themeda triandra, Tristachya
leucothrix, Heteropogon contortus and Eragrostis chlorome-
las, to a sward with increasing amounts of species charac-
teristic of heavily-grazed grassland, including Sporobolus
africanus, Eragrostis plana, Aristida congesta subsp. barbi-
collis and Bothriochloa insculpta. Axis 2 is interpreted as
representing species characteristic of heavy grazing that dif-
fer in their water requirement. Species associated mainly
with drier areas include Aristida congesta subsp. barbicollis,
Bothriochloa insculpta, Cynodon dactylon, Microchloa caffra
and Eragrostis chloromelas.
Grassland under commercial (Figure 4b) and communal
(Figure 4c) tenure each showed a different pattern of
change. Sites under commercial grazing showed no consis-
tent direction of change, with the centroids of the two sam-
pling occasions clearly showing that on average little com-
positional change had occurred. In contrast, all communal
sites shifted from a sward dominated by species character-
istic of a good condition grassland to a sward characteristic
of heavily grazed grassland. A proportion of the sites under
commercial grazing displayed a similar pattern of change.
Sites under communal grazing showed two distinct patterns
of change with respect to whether ‘drier’ or ‘wetter’ became
more prominent.
Some of the dominant species showed a conspicuous
response to type of tenure, others did not (Table 7). Note
that changes over time have been judged only in a relative
manner because of different methods of mensuration. For
example, if the abundance of a species did not differ
between the two forms of tenure in the 1940’s but did in
1996, then there has been a relative decline or increase but
which has changed in absolute abundance cannot be
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Figure 2: The relationship (with 95% confidence limits) between the
gamma coefficient, a measure of the similarity of the composition of
a site between Acocks’ (1953) original measure of composition and
the composition determined from a revisit of the sites in 1996, and
altitude. This relationship is described by gamma = 0.00037 (alti-
tude) -0.53 (adj. R2 = 0.15)
Figure 3: Box-and-whisker plots of the gamma co-efficient (a meas-
ure of the similarity of composition over time) of communal versus
commercial grazing tenure
Table 6: Those species with ≥10% of their variance accounted for
by the first two axes of a partial correspondence analysis, showing
the cumulative percentage of variance
Species Axis 1 Axis 2
Sporobolus africanus 64 64
Bothriochloa insculpta 5 58
Aristida congesta subsp. barbicollis 14 49
Eragrostis plana 24 40
Eragrostis curvula 26 35
Tristachya leucothrix 22 31
Heteropogon contortus 16 31
Cynodon dactylon 3 30
Digitaria sanguinalis 15 25
Elionurus muticus 19 20
Hyparrhenia hirta 17 18
Themeda triandra 16 16
Chloris gayana 9 15
Microchloa caffra <1 14
Eragrostis chloromelas 4 14
Eragrostis capensis <1 11
Andropogon appendiculatus <1 10
Eragrostis racemosa 10 10
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judged. Themeda triandra was initially equally abundant on
communal and commercial grazing in 1940, but was rela-
tively favoured by commercial grazing over time.
Heteropogon contortus was relatively more adversely affect-
ed by communal grazing than T. triandra, whereas
Sporobolus africanus showed the converse pattern.
Eragrostis curvula benefited relatively from communal graz-
ing, but not to as great an extent as S. africanus. The rela-
tive abundance of Hyparrhenia hirta, Tristachya leucothrix,
Eragrostis plana and Eragrostis racemosa were not appar-
ently affected by type of grazing tenure (Table 7).
The response of species to tenure (Table 7) depended,
however, on vegetation type, that is, on the abiotic environ-
ment. There was a sufficient sample size to examine
Highland Sourveld (n = 10 for commercial; n = 6 for com-
munal) and Southern Tall Grassveld (n = 9 for commercial;
n = 5 for communal) separately (Table 8). Themeda triandra
responded negatively to communal grazing on only the drier
Southern Tall Grassveld and not on the moister Highland
Sourveld. Heteropogon contortus declined relatively under
communal grazing on Highland Sourveld but increased rela-
tively under this tenure on Southern Tall Grassveld. The
increase of Sporobolus africanus under communal grazing
was evident only for the wetter Highland Sourveld, with a
tendency for a similar response shown by Eragrostis plana.
For Eragrostis racemosa, communal grazing resulted in a
relative increase in Southern Tall Grassveld but a relative
decrease in Highland Sourveld. Hyparrhenia hirta,
Eragrostis curvula and Tristachya leucothrix did not show
any response to tenure for either veld type. Thus species
behaved individually in response to grazing, and a species’
behaviour was not consistent across vegetation types.
Basal cover
Basal cover (BC) was linearly related to altitude for both
commercial (BC = 12.2 + 0.0057 altitude; F = 34.8; df = 1,
28; P < 0.0001; R2adj = 0.55) and communal (BC = 8.2 +
0.0055 altitude; F = 4.1; df = 1, 15; P < 0.063; R2adj = 0.17)
rangelands (Figure 5). The mean BC of 20% for commercial
rangeland was consistently 5% higher than for communal
rangeland (t = 5.92; df = 43; P < 0.001). In association, the
mean tuft diameter of 4cm for communal rangeland was
1cm less than for commercial rangeland (t = 1.96; df = 43; P
< 0.057), although the two forms of land tenure did not differ
in the mean distance to grass tufts (P > 0.5). 
Discussion
Land-use change
Forestry has been the main cause of land transformation
(Table 1), despite it having become commonplace only
about 30 years ago. The extent of afforestation has appar-
ently depended on rainfall regime. Mist-belt ‘nGongoni Veld
is the wettest of the four veld types and has more winter pre-
cipitation because of orographic effects. Plantations further
increase precipitation through interception of mist (RE
Schulze, pers. comm.). Correspondingly, this veld type risks
being completely lost to afforestation (Table 1, Scott-Shaw et
al. 1996). By contrast, the Southern Tall Grassveld is too dry
for efficient timber farming and has therefore been trans-
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Figure 4: The first two axes of a partial Correspondence Analysis of the change in composition of Acocks’ grassland sites in KwaZulu-Natal
revisited in 1996, showing (a) species (with cumulative fit ≥10%), and site trajectories over time for (b) commercial grazing and (c) commu-
nal grazing. The centroids for the original measure of sites (O) and the follow-up measure (F) are shown. Species: Aap = Andropogon appen-
diculatus, Aba = Aristida congesta subsp. barbicollis, Bin = Bothriochloa insculpta, Cda = Cynodon dactylon, Cga = Chloris gayana, Dsa =
Digitaria sanguinalis, Eca = Eragrostis capensis, Ech = Eragrostis chloromelas, Ecu = Eragrostis curvula, Emu = Elionurus muticus, Epl =
Eragrostis plana, Era = Eragrostis racemosa, Hco = Heteropogon contortus, Hhi = Hyparrhenia hirta, Mca = Microchloa caffra, Saf =
Sporobolus africanus, Tle = Tristachya leucothrix, Ttr = Themeda triandra
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formed little. Grasslands have also been conspicuously
transformed by cultivation (Table 1). This is expected as
human populations have increased by not less than 2% per
annum over the past 50 years, whilst livestock populations
have apparently remained relatively constant (Tapson 1993).
Burgeoning human populations have also resulted in some
grassland (<5%) being lost to settlement. The losses record-
ed in this study are of grassland in good condition for live-
stock production. Grasslands in poor condition, which
Acocks avoided, were more likely to have been in close
proximity of human settlement in the 1940’s and therefore
vulnerable to settlement. It is therefore probable that losses
of grassland in poor condition to settlement may have been
greater. 
Past patterns of transformation cannot be used to predict
future patterns of change because the driving forces of
transformation have changed over the past 50 years.
Factors such as declining livestock prices, urbanisation, the
HIV/AIDS pandemic, environmental impact of afforestation,
especially on water supply, and heightened awareness of
the loss of biodiversity, amongst many others, will all con-
tribute to influencing policy and land-user’s decisions. 
Communal versus commercial grazing
Communal and commercial grazing had different effects on
the extent and nature of compositional change over time.
Each of these systems is not homogeneous. They usually dif-
fer in stocking rate, pattern of animal movement and there-
fore the temporal pattern of grazing, season of grazing, type
of livestock and fire management. A main difference is that
communal systems in the humid grasslands of KwaZulu-
Natal are usually stocked at about three times the rate of cor-
responding commercial systems (Tapson 1993). Most com-
mercial graziers also use some form of rotational stocking
rather than the continuous stocking characteristic of commu-
nal systems. Stocking rate, however, generally has a more
conspicuous effect on grassland composition than the sys-
tem of grazing (O’Reagain and Turner 1992), but they can
have a strong interactive effect on the nature and rate of
compositional change in humid grassland (Morris et al.
1992). Stocking rate is therefore concluded to be the most
parsimonious explanation of the observed compositional dif-
ferences between commercial and communal grazing, but
this study did not directly address the reasons for differences.
Communal grazing tenure has resulted in a transformation
of sward composition and a decrease in basal cover, where-
as commercial grazing has not, for the most part, had much
of an effect (Figures 2, 4 and 5, Table 7). Such changes are
direct evidence that grazing has had some effect on system
functioning (Illius and O’Connor 1999), but they do not nec-
essarily indicate that grazing has degraded communal sys-
tems, for which evidence of a decline in primary or second-
ary productivity is required (Abel 1993). The nature of com-
positional changes illustrated by the ordinations suggest
some possible negative consequences for production. The
decline under communal grazing of palatable perennial
species (Themeda triandra, Heteropogon contortus) in favour
of an increased proportion of wiry Aristida species of low for-
age quality, aromatic unpalatable species (Bothriochloa
insculpta, Cymbopogon excavatus), species of low forage
bulk (Michrochloa caffra, Cynodon dactylon, Tragus bertero-
Table 7: The relative abundance of some dominant grass species in the 1940’s (Acocks’ estimated abundance) and in 1996 (frequency). Note
that abundance values of 1940 and 1996 cannot be compared. See methods for a more complete description of the measurement of abun-
dance. The P-values refer to t-tests conducted for each sampling occasion
Species 1940’s 1996
Commercial Communal P Commercial Communal P
Eragrostis curvula 2.6 0.7 0.10 10.0 9.5 0.83
Eragrostis plana 3.8 6.0 0.27 7.4 11.1 0.23
Eragrostis racemosa 8.3 10.2 0.43 10.4 8.8 0.63
Heteropogon contortus 6.8 13.7 0 13.8 7.3 0.10
Hyparrhenia hirta 8.1 5.4 0.32 9.4 11.4 0.59
Sporobolus africanus 2.4 3.4 0.58 5.3 12.4 0
Themeda triandra 13.5 14.9 0.49 15.9 7.9 0
Tristachya leucothrix 10.5 10.7 0.93 13.7 8.3 0.20
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Figure 5: The relationship between basal cover and altitude for
sites under communal () and commercial (O) grazing tenure. The
relationship for communal sites is described by basal cover =
0.0055 (altitude) + 8.2 (adj. R2 = 0.17), and for commercial sites by
basal cover = 0.0057 (altitude) + 12.2 (adj. R2 = 0.55)
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nianus), and of tough ‘mtshiki’ species (Sporobolus africanus,
Eragrostis plana) that are difficult for livestock to graze, taken
together suggest that the quantity and quality of forage on
communal rangeland has been markedly impaired, even if
primary productivity has not been affected. 
A mean decrease of 5% in basal cover is suggestive of a
decrease in productivity. In semi-arid grasslands such a
reduction in basal cover results in a decrease in phytomass
production (O’Connor et al. 2001) owing to increased losses
of water to runoff and evaporation. Although a similar
decrease in the amount of water retained within the grass-
land could be expected for this study, the maximum basal
cover recorded for semi-arid grassland is equivalent to the
minimum recorded in this study (compare O’Connor et al.
2001 with Figure 5). Whether the decrease in basal cover of
communal grazing lands is synonymous with a decrease in
aerial cover below the 35% level required for efficient pre-
vention of runoff and soil loss (Elwell 1979) is apparently
untested for these high rainfall grasslands. 
A decrease in production is not, however, suggested by a
trend of increasing livestock numbers over a 14 year period
(1974–1988) falling within the study period (Tapson 1993).
The increasing proportion of annual and short-lived perenni-
al grasses on communal rangeland would be expected to
result in increased variability of primary production from year
to year in accordance with rainfall variability (Kelly and
Walker 1976). This compositional change would have an
effect mostly during drought years if germination failed (Illius
and O’Connor 1999). However, the reputed greater livestock
mortality on communal than on commercial rangelands dur-
ing drought events over the past two decades can be attrib-
uted to differences in livestock density and greater supple-
mentary feeding on commercial farms, rather than to
declines in forage availability on communal areas. Although
information on compositional change is therefore inade-
quate for inference on system productivity, the extent and
nature of change witnessed over 50 years strongly suggests
this issue is worthy of close examination.
Implications for grazing management
The effect of grazing on compositional change was influ-
enced markedly by the abiotic environment, being most pro-
nounced in the drier grasslands (Figure 2). This pattern cor-
responds with the pattern evident for the rainfall gradient of
savanna grasslands in southern Africa (O’Connor 1985).
Notably, the individual effects of communal or commercial
tenure did not significantly influence compositional change,
but the interaction of each with water availability did (Table
3). Developing a predictive basis for the effect of grazing on
compositional change can therefore not ignore the physical
environment, especially the interacting effect of rainfall, tem-
perature, aspect and slope on the availability of water, irra-
diance and nutrients. 
The effect of grazing and water availability on composi-
tional change at a regional scale would also be expected at
a local landscape scale, but this has not been closely exam-
ined for these grasslands. Catenal gradients influence floris-
tic composition in some grasslands (Du Preez and
Bredenkamp 1991, Fuls et al. 1993, Winter and Morris
2001), but compositional variation within Highland Sourveld
or Southern Tall Grassveld was not related to any individual
abiotic variable although it was related to a grazing gradient
(Hurt 1989). This suggests a lesser effect of abiotic variables
at the local landscape scale. The lack of a relationship
between soil characteristics and floristic composition has
been described for grasslands elsewhere in South Africa,
despite pronounced floristic variation under homogeneous
grazing treatments (Barnes et al. 1985). 
The relative and interactive effects of grazing and abiotic
variables on botanical composition at a landscape scale with-
in high rainfall grasslands appears to be a neglected field of
enquiry. Considering that rangeland management in the
humid grasslands of South Africa is predicated on the concept
of Clementsian succession, according to which composition
changes uniformly along a single continuum in response to
changes in grazing pressure (Tainton 1981, 1999), this issue
is worthy of close examination. It has obvious implications for
the placing of benchmark sites for monitoring of rangeland
condition, whose utility would be questionable if abiotic vari-
ables played a prominent role in floristic variation.
The response of individual species to grazing also
depended on the abiotic environment. Acocks selected sites
in relatively good condition on fire-maintained grasslands
Table 8: The relative abundance of some dominant grass species in the 1940’s (Acocks’ estimated abundance) and in 1996 (frequency) of
communal versus commercial grazing for Highland Sourveld and Southern Tall Grassveld. See methods for a more complete description of
the measurement of abundance. Note that abundance values of 1940 and 1996 cannot be compared. The P-values refer to t-tests conduct-
ed for each sampling occasion
Highland Sourveld Southern Tall Grassveld
Species Commercial Communal P Commercial Communal P
Eragrostis plana 1940 3.5 7.6 0.2 4.6 5.2 0.8
Eragrostis plana 1996 9.9 17.7 0.093 6.6 5.4 0.8
Eragrostis racemosa 1940 10.0 9.3 0.8 6.2 10.4 0.3
Eragrostis racemosa 1996 14.1 3.3 0.026 4.9 16.2 0.02
Heteropogon contortus 1940 7.6 14.0 0.1 6.1 15.2 0.008
Heteropogon contortus 1996 17.7 2.2 0.001 7.8 14.8 0.014
Sporobolus africanus 1940 1.4 4.6 0.2 3.6 2.6 0.8
Sporobolus africanus 1996 4.5 13.3 0.063 6.8 10.6 0.4
Themeda triandra 1940 14.9 16.0 0.5 13.0 14.4 0.7
Themeda triandra 1996 13.8 9.7 0.5 20.0 7.0 0.024
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with a moderate history of herbivory. At that time Themeda
triandra, the archetypal decreaser species, was a dominant
of all four grassland types under both forms of land tenure
(Tables 7 and 8). However, its change in abundance over
time depended on both the type of grazing and grassland
type, the latter of which corresponds to the abiotic environ-
ment. For sites with the highest rainfall, heavy grazing did
not result in a marked decrease irrespective of land tenure.
This pattern is consistent with other studies showing that
Themeda triandra behaves as an increaser in high rainfall
environments but as a decreaser in lower rainfall areas
(Bosch 1989), noting that high rainfall in the cited study
equates with moderate rainfall in this study. Also, the
decreaser-increaser behaviour of this species depends on
topo-edaphic conditions (Truter 1988, Strobach 1989, Janse
van Rensburg and Bosch 1990). Themeda triandra persist-
ed in a high rainfall communal area considered overstocked
2.5 times by commercial standards for at least 30 years
(McKenzie 1982), further indicating the dependence of the
effect of grazing on climate. Themeda triandra has been
elaborated as an example because it is well studied, but
other species showed the same pattern of response (Table
8). The dependence on rainfall of the increaser-decreaser
pattern of response to grazing of many species is also evi-
dent in Australia (including T. triandra) (Vesk and Westoby
2001). Considering how well entrenched the increaser-
decreaser paradigm is for range management in South
Africa (Tainton 1981, 1999), it would seem in need of urgent
review in the light of accumulating contradictory evidence.
Lessons learnt for monitoring
Acocks’ data set is important for assessing vegetation
change in South Africa because it is comprehensive, it con-
sists of meticulously recorded data, and its length of record is
unequalled. However, this study identified three shortcom-
ings requiring recognition lest unrealistic expectations be
formed of its potential uses (Westfall and Greef 1998). First,
it can never be known if one of Acocks’ sites has been prop-
erly relocated as the location was described in terms of dis-
tance along roads that may have changed. In areas of pro-
nounced relief such as KZN, small errors in site placement
can result in a different environment being sampled (hill crest
versus bottom lands). This would result in a different compo-
sition being recorded because catenal gradients strongly
influence composition in humid grasslands (Du Preez and
Bredenkamp 1991, Fuls et al. 1993, Winter and Morris 2001).
Thus recorded differences in composition over time could be
ascribed to management whereas they were the result of
errors of site location. In this study, however, it is assumed
that any such errors of placement would have equally affect-
ed communal and commercial sites. Secondly, sites were
boundless. Acocks was not explicit about the amount of land-
scape variation to be included in a single site, or of the total
area covered. The size of area searched will determine the
number of species recorded even in uniform terrain, whilst
species turnover is readily evident up and down slopes in
hilly terrain. This problem is offset in part by Acocks (1953)
having listed all species he encountered, and by his mention
of special sub-habitats. Thirdly, his measures of vegetation
abundance are not directly repeatable. We do not believe
some of Acocks’ measures of distance between plants can
occur. His average spacing of plants (Table 1 of Acocks
1953) has a category of plants only 25mm apart for the most
abundant category, but it is unlikely this average can be
found for any species except in small patches it dominates. It
is unlikely to be a landscape-level average that would be
matched by a random or systematic sample, although
Acocks considered his estimates conservative. The inter-
plant distances recorded in this study were never of the scale
Acocks recorded. We therefore suggest that the best use of
his quantitative data is as an index, as used in this study.
We found Acocks’ data adequate for revealing composi-
tional change. More precise and accurate measures could
be taken during a re-sampling exercise. Sites can now be
accurately positioned and their boundaries delimited with
Global Positioning Systems. The past 50 years of plant ecol-
ogy have ensured that better sampling approaches and
methods of vegetation mensuration are now available. The
development of sites in poor or good condition ensures a
more comprehensive and realistic portrayal of rangeland
dynamics, and allows assessment of the relative stability of
each state. Ongoing refinement of his data set therefore
offers the promise of precise and accurate monitoring of
vegetation change well into the future, in which the value of
a quantitative baseline cannot be overestimated.
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